Introduction
Established consumer products take on different shapes and features to fill various market niches and distinguish themselves among their competition. However, many of these product classes have essentially the same functional breakdown. One example is that of coffee makers. Although there exist many different brands of coffee makers, and much variety even within a given brand, most coffee makers function based on a single procedure: Water is first poured into and stored within a container; it then flows through a heating element, turns to steam and rises through a tube where, at the top, it expands, condenses, and flows into a filter. The hot water mixes with the coffee grounds within the filter (which also controls the amount of time the mixing occurs based on its shape).
The coffee is then released into a coffee pot below where it is kept warm on a burner that We propose that shape grammars for product design such as the one presented here can be used to support the conceptual design of these products. They allow the designer to explore different shape options through modification of a single rule or parametric value.
They allow a company to maintain certain rule or parameter value choices to model their corporate image, to learn about their corporate image by identifying what rule/parameter choices they tend to use, and to learn about their competitors' image. They allow for the rapid generation of design concepts to improve the time-to-market cycle and increase oneof-a-kind design capabilities. However, we recognize, too, the limitation of design conceptualization potentially imposed by such a grammar; the grammar is best used for the generation of standard products within the routine form and function framework already discussed. Radical changes to the design will most likely occur outside of the given grammar, although creative forms are still achievable from the grammar 2 . An important feature of shape grammars is that they are easily adaptable by adding and removing shape rules, and thus new design characteristics can be incorporated into the language.
In the next section related literature will be discussed. Next, the coffee maker grammar will be presented and then a detailed example shown. Finally a variety of coffee makers generated by the grammar will be presented before concluding. There has been limited application of shape grammars to engineering design. Fitzhorn (1990) and Longenecker and Fitzhorn (1991) This work is the first to apply shape grammars to a class of individual products.
Shape Grammars

A shape grammar for coffee makers
This section presents a shape grammar for the design of coffee makers as an example of the applicability of shape grammars to product design. The function and form topology breakdown has already been discussed. Due to the lack of functional coupling, the design procedure can be decomposed into function design and form design. The function drives the form in the product and in the application of the grammar rules; function labels are designed to maintain the proper function-to-form sequence. The grammar is a parametric, labeled 2-D shape grammar that through three views of the product -top, side, frontcreates a 3-D shape. Once the functionality of the filter unit is specified, its form is designed using rules 16-26.
The form design is governed by the labels generated during the functional design stage. In the top view of these rules the center point is specified through a ^ notation and the extreme left-most points on the top and bottom of the filter unit are specified through points labeled C\ and C 2 (the labels C\ and C 2 correspond to points that lie on the planes containing r" and s\ respectively). These extreme points are used to define horizontal transition planes that will be used later to permit a transition in the shape of the water storage unit in the vertical direction. Rules 20 and 21 generate either conical or fiat filters. 
Example: Generating Coffee Maker Designs
The coffee maker shape grammar is now used to generate a complete design through straightforward application of the rules (Figure 9 ). The design is chosen to be a single •o.
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